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INTRODUCTION 
Green	 tea	 (GT)	 is	 a	 high	 source	 of	 polyphenols	 such	 as	 epigallocatechin	 gallate,	 epigallocate7ch,	




of	 food	 products	 for7ﬁed	 with	 GT	 extract	 (GTE)	 can	 help	 to	 reach	 the	 intake	 of	 GT	 polyphenols	
capable	of	exer7ng	beneﬁcial	eﬀects	on	human	health.	Nutri7onal	for7ﬁca7on	with	GT	extract	was	
studied	in	bakery	products	such	as	bread	and	biscuits,	noodles,	probio7c	yogurt,	frozen	surimi	gel,	in	
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AIM:	
To	 inves7gate	 the	 use	 of	 green	 tea	 extract	 for	 the	 produc7on	 of	 frozen	 carrots	 for7ﬁed	with	 GT	
polyphenols.	In	order	to	limit	quality	loss	induced	by	processing	and	frozen	storage	and	to	produce	
high	quality	frozen	products,	carrots	were	enriched	also	with	trehalose.	The	solutes	penetra7on	into	





!  Blanching	 in	 trehalose	 solu7on	 and	 VI	 treatment	with	 green	 tea	 extract	 slightly	 aﬀected	 the	 quality	 proper7es	 of	
carrots	and	allowed	to	 increase	considerably	the	carrots’	 func7onal	proper7es	and	to	preserve	the	ﬁrmness	of	the	
plant	7ssue.		
!  Trehalose	 showed	 a	 cryoprotec7ve	 eﬀect	 on	 the	 physical	 proper7es	 of	 the	 frozen	 samples	 only	when	 its	 addi7on	
occurred	by	blanching.		
!  Aler	 freezing	 and	 frozen	 storage	 all	 the	 samples	 evidenced	 a	 signiﬁcant	 loss	 of	 carotenoids	 while	 the	 total	
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Control 9.69 b 2.23 b 7.64 a 259.95 b 47.99 a 57.08 a 27.89 c 34.43
Blanching	(BL)
0%	trehalose 11.22 a 2.30 a 5.93 b 274.04 b 30.11 b 54.12 b 32.63 a 35.64
4%	trehalose 11.15 a 2.39 a 5.97 b 354.88 a 28.02 b 55.12 ab 31.44 b 34.83
P 	value <	0.001 <0.01 <	0.01 <	0.05 <	0.001 <	0.05 <	0.001 NS
Vacuum	Imp.	(VI)
Trehalose Green	Tea
- - 10.32 b 2.31 ab 6.00 ab 300.83 35.51 a 57.49 a 30.81 b 35.38 a
0.00% 0.00% 12.91 a 2.51 a 5.38 b 294.04 17.87 b 53.48 b 34.60 a 36.03 a
0.00% 0.25% 13.27 a 2.57 a 5.27 b 335.19 22.48 b 53.75 b 30.70 b 36.03 a
10.00% 0.00% 9.16 c 2.31 ab 6.44 ab 363.08 41.39 a 56.39 a 31.49 b 35.16 ab
10.00% 0.25% 9.95 bc 2.04 b 6.67 a 279.16 34.34 a 51.64 b 31.15 b 33.08 b
P 	value <	0.001 0.06 <	0.05 NS <	0.001 <	0.001 <	0.001 <	0.001
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Dried	 carrots	 (Daucus	 carota	 L.)	 are	 widely	 used	 to	 produce	 ready-to-eat	
meals	 and	 snacks,	 which	 have	 become	 popular	 in	 the	 diet	 of	 modern	
consumers	 in	 parallel	 with	 the	 human	 consump1on	 of	 organic	 products.	
Although	 exposure	 to	 high	 temperatures	 may	 reduce	 the	 product	 quality,	
carrots	 are	usually	 blanched	 in	hot-water	 and	 then	dried	using	hot-air	with	
the	 pote 1al	 for	 subsequent	 loss	 of	 nutrients.	 A	 proper	 elec1on	 of	 drying	
pre-treatmen 	is,	thus,	a	crucial	facto 	to	 btain	a	h gh-value	end	product	at	
the	lowest	energy	consump1on.	R search	on	carrot drying	directed	to	ensure	
th 	produc1on	of	high quality	and	environm tally	friendly	food	products	has	
been	 widely	 reported	 in	 literature.	 H wever,	 in	 recent	 years,	 the	 growing	
awareness	 of	 the	 rela1onship	 between	 food	 and	 health	 has	 increased	 the	
consumer	 demand	 towards	 food	 products	 with	 enhanced	 nutri1onal	 and	
func1onal	 proper1es.	 Hence,	 the	 industries	 need	 to	 diversify	 their	
produc1ons	 exploring	 new	 func1onal	 ingredients,	 formula1ons	 and	
processes.	 In	this	contest,	few	inves1ga1ons	(Escobedo-Avellaneda	Z.,	2018)	
have	 been	 focused	 on	 the	 op1miza1on	 and	 applica1on	 of	 pre-drying	




high	 quality	 and	 func1onal	 proper1es.	 Drying	 pre-treatments	
such	as	blanching	in	water	or	trehalose	solu1on,	in	combina1on	













RAW	MATERIAL:	 Organic	 carrots	 (Daucus	 carota	 L.,	 var.	 Carvejo,	 length	 of	 18-20	 cm,	 diameter	 of	 1.5-2	 cm,	 slices	 of	 5-mm	 thick.	 PRE-TREATMENTS:	 (i)	 blanching	




digital	 balance	 (mod.	HT1500,	NHU,	Germany).	 EVALUATIONS:	drying	 rate,	 CIELab	 colour,	 ﬁrmness,	moisture	 content	 (dry	basis),	water	 ac1vity,	 residual	 peroxidase	
ac1vity,	soluble	solids	content,	total	carotenoid	content,	total	phenols	content	(TPC),	an1oxidant	ac1vity	(Trolox	Equivalent	An1oxidant	Capacity,	TEAC),	sugars	content,	
rehydra1on	rate	 (dried	carrot	only).	STATISTICAL	ANALYSIS:	Two-way	analysis	of	variance	 (ANOVA)	was	used	to	evaluate	signiﬁcant	eﬀects	of	both	BL	and	VI	 factors	
while	Tukey’s	pairwise	comparison	was	used	to	evidence	signiﬁcant	diﬀerences	(P	≤	0.05)	among	samples	before	and	aner	drying	(BD	and	AD,	respec1vely).		
RESULTS	
ü  BL	 allowed	 to	 stabilize	 carrots	 according	 to	 industrial	 requirements	
(residual	POD	enzyme	ac1vity	<0.1;	data	not	shown);	
ü  Blanching	 nega1vely	 aﬀected	 the	 SSC	 of	 the	 dried	 samples;	 the	 use	 of	
trehalose	solu1on	during	VI	compensated	for	the	this	eﬀect	(Table	1);		











ü  VI	with	 green	 tea	 extract	 allowed	 to	 signiﬁcantly	 increase	 both	 the	 TPC	
(ﬁgure	 1a)	 and	 TEAC	 (ﬁgure1b)	 of	 carrot	 slices.	 BLw	 and	 VI	 nega1vely	
aﬀected	the	TPC	of	 the	dried	samples,	however,	all	 samples	blanched	 in	
trehalose	 showed	 only	 slight	 diﬀerences	 in	 TPC	 compared	 to	 no	 pre-
treated	dried	carrots	(ﬁgure	1a);	








high	 content	 in	 epigallocatechinsèbeneﬁcial	
eﬀects	 on	 human	 health	 (diabete,	 obesity,	
cancer,	 cardiovascular	 and	 microbial	 diseases	























































Signiﬁcant	 diﬀerences	 between	 means	 were	 calculated	 by	 LSD	 test	 at	 a	 signiﬁcance	 level	 ≤	 0.05.	 Data	 were	
processed	using	the	STATISTICA	for	Windows	(Stat	Sol™,	Tulsa,	OK)	solware.	
!  SAMPLES	 PREPARATIONS:	 Carrot	 slices	 were	 blanched	 in	 water	 (BLw)	 or	
trehalose	4%	w/v	 (BL4T)	 at	 90	 °C	 for	108	 sec.	Vacuum	 impregna7on	was	
carried	 out	 on	 BLw	 or	 BL4T	 samples	 by	 using	 as	 impregnant	 agent	water	
(VIw),	 trehalose	 10%	 w/ 	 (VI10T),	 green	 tea	 xtract	 0.25%	 /v	 (VIE)	 or	
trehalose	10%	w/v	in	combina7on	with	green	tea	extract	0.25%	w/v	(VI10T-
E).	 Aler	 pre-treatments,	 samples	 were	 packed	 in	 BOPP	 bags	 (ﬁlm	
thickness:	 30	mm)	 in	 air,	 frozen	 at	 -40	 °C	 and	 stored	 at	 -18	 °C	 up	 to	 60	
days.		
high	content	 in	epigallocatechins	" beneﬁcial	eﬀects	on	human	health	 (diabetes,	obesity,	




































































!  	 VI	 treatment	 in	 GT	 solu7ons	
determined	 a	 signiﬁcant	
increase	 in	polyphenols,	which	
resulted	 three	 7mes	 higher	
than	 in	 the	 fresh	 vegetable.	





!  Aler	 fre zing	 nd	 60	 days	 of	







and	 VI	 with	 GTE	 solu7on	
posi7vely	 aﬀected	 the	 carrots	
AOA;		
!  Aler	 freezing	 and	 frozen	
storage	 a	 signiﬁcant	 AOA	
reduc7on	was	 observed	 as	 an	









!  Both	 blanching	 and	 vacuum	
impregna7on	 pre-treatment	
allowed	 to	 eﬀec7vely	 enrich	








































































! BL	 and	 VI	 pre-treatments	
determined	a	 slight	 increase	 in	
the	h°.	
!  Aler	 freezing	 and	 frozen	




!  Blanching	 signiﬁcantly	 impaired	
the	 carrots’	 ﬁrmness.	 BL4T+VIE	
and	 BL4T+VI10T-E	 samples	
evidenced	 a	 higher	 ﬁrmness	
compared	 to	 the	 other	 pre-
treated	samples.	
!  Freezing	 and	 frozen	 storage	
nega7vely	 aﬀected	 the	 carrots’	
ﬁrmness.	
!  All	 the	 samples	 blanched	 in	
trehalose	 solu7on	 showed	aler	
7	days	of	frozen	storage	a	higher	
ﬁrmness	 than	 the	 water	
blanched	 ones;	 however,	 aler	
60	 days,	 no	 diﬀerences	 were	
found	among	samples.	
CAROTENOIDS		
! No	 diﬀerences	 in	 total	
carotenoids	 were	 observed	
among	 fresh	 and	 pre-treated	
samples.	
!  Aler	 freezing	 and	 frozen	
storage	 a	 signiﬁcant	 decrease	
of	 carrots’	 carotenoid	 content	
was	evidenced.	
Fig	IV.	Total	polyphenol	content	of	not	pre-treated	and	pre-treated	carrots	before	(t0)	and	
aler	freezing	and	frozen	storage	for	60	(t60)	days.		
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